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^ (54) Title: PROCESS FOR PRODUCING AMINOPHOSPHONIC ACID DERIVATIVE 
g (54)S§B^a)«f*: TSy 7f>X7f>>it (7) »a 

jjQ (57) Abstract: [PROBLEMS] To provide a reaction system in which enantio selective asymmetric nucleophilic addition to an 
^® 0? -iminophosphonic ester is efficiently catalyzed. [MEANS FOR SOLVING PROBLEMS] An or -iminophosphonic ester is 
subjected to asymmetric addition reaction with a nucleophilic agent (e.g., a silylenol ether) in the presence of a chiral copper 
catalyst (JP 2003-260363 A) to produce an optically active Of -amino- Y -oxophosphonic acid derivative. 
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m m m 

[0002] a-T^y^^7i^:ymw^Mmt. a -T^y^(DM^#:^bT^^^^^b^^^-em 

[0003] : #112003-260363 

^#f^JCfi^l :Kafarski, P.; Lejczeik, B. Aminophosphonic and Aminophosphinic 
Acids; Kukhar, V. P.; Hudson, H. R. Ed.; John Wiley and Sons, 2000; Chap. 12, p 
407. 

##f^^ife2:ScholIkopf, U.; Schutze, R. Liebigs Ann. Chem. 1987, 45. 
##f^:5:ife3:Schrader, T.; Kober, R.; Steglich, W. Synthesis 1986, 372. 
##fpJCfi^4:Sasai, H.; Arai, S.; Tahara, Y.; Shibasaki, M. J. Org. Chem. 1995, 
60, 6656. 
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##f^ JC^5 : Kukhar, V. P. Aminophosphonic and Aminophosphinic Acids; Kukhar, 
V. P.; Hudson, H. R. Ed.; John WUey and Sons, 2000; Chap. 5, p 127. 
#^f^lSC^6 : Kobayashi, S.; Matsubara, R.; Nakamxira, Y.; Kitagawa, H.; Sugiura, 
M. J. Am. Chem. Soc. 2003, 125, 2507. 

[0005] mh. ^mmit. 
[^bi] 

[^b2] 

R2 R2 R3 R3 

R'^HN NHR4 R'^HN NHR^ 

% <^ or 

TfO-^"-OTf TfO-^^-OTf 
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[0007] ;^SJiS5^ tcffi V >a=3e^/vi^M^«T^-e^$ti.5o 
[>fl::2] 

R'^HN NHR^ „^ R^HN NHR'* 

2 3 

R'^NH NHR'* R'^NH NHR^ 

[>fkl] 
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CI CCH OCO-), Boc(t-zfh^iy^/l^^^/^\ TeocCMJ^^/Vixy/V 

3 2 

^b=3riy;?7/V#=/V. Me SiCH CH OCO-), Ac(T-fe-^/V^). CH (CH ) CO-^COT 

3 2 2 3 2 n 

[0010] — ^^^j^LTf*. Ty/vhyi5'nn^^9^^oTy/vi^7^^>fii'a-i^ti#tf 

Mb3] 



r^^d^^r'j*. m—-x::h^xhMt^^xhx<. y^mm.^. T/i^^/i^m. rv—/^mx 

7m.m. T^/m. ^hn^#(DMm^Sr^bTVNT^iJ;v\ 




OSi(R2)3 
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Si(R^) f*^f^L<fi. SiMe . SiEt . Si(i-C H ) . Si(Ph) (t-C H )XfiSi(M 

3 33 373 249 

e) (t-C H )l?$)^o 

2 4 9 

=3— /V(HFIP) (Tetrahedron 1997, 53, 17015; J. Am. Chem. Soc. 2001, 123, 4480) 
[0012] [^1] 



o 

0 OSiMea Cu(OTf)2 + 3 ^^^^^ ^ 
^N^ + i ^ jf 

Troc ^^«^ph CH2Cl2.0''C Sh O 

1 2a Troc'' 

4a 



Entry 


additive 


yield(%) 


ee(%) 


1 


none 


78 


49 


2 


HFIP(I.Oeq) 


87 


65 


3« 


HFIP(1.0 eq) 


81 


89 


4ab 


HFIP(1.0 eq) 


78 


93 


5«b 


HFIP(2.0 eq) 


82 


92 


gab 


HFIP(2.0 eq), MS3A(50g/mol) 


86 


91 



* 1 was slowly added for 8.0 h. Ph^ 
^ 2a was slowly added for 8.0 h. 



NH HN- 

ar-Nap ^or-Nap 
3 
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[0014] ^(D^^mmR}t^^(Dmmiiixr(Dx^ ^m^t^m-^i^^^ \ 

<5o»fi. K!i;mm<Dms.^^o. oi-o. 2M(Dmm^wMxh^o mm^<DmMu 
:i. 2xh^o Mm<7)m.m&i-i. ^mmMKMi^xo. i%-3o%.0^b<(*5%- 

20%Xh^o 

[0015] m^^^^=^9—l^—':f^1}aK.. ?^v^THFIP^;(lP;t§o '=e\y^=u9—iy—':f(Dmi-i 



[>fk4] 




or 
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So 

[0016] ^M^MJiS5^-e#^>tl.^ a -T5:7- y -:^^y^-:^-^^^mmM^W-n.. )^-r(D;V—h 

(lb8)o 
Mb6] 



EtO^^ 



TroC 



NH O 



S%U AgCOCOCFj) 



HCl 



EtDH,rt 



reflux 



HO- 

NHz O 



[0017] LitT\ 



EtO-S 
EtO'^ 




R10 



Troc" 



,NH O 



4g:Ri«>=CI.R"=CI 
4j:R"=H, R^^=N02 



HCl, reflux 



HO-2 
HO'^ 




Rio 
R" 



NH2O 



7g: R^°=CI, R" = CI 
Tj: R^"= H, R" = NO2 



[0018] [>fk8] 



CH3SO3H (2.4eq) 
O AcOH (2.0 eq) 

R-^" ° AcOEt/EtOH NH2 

a|— 4a : R = Troc (93% ee) =1/1 6 
L— 5 :R = H 



65% yield 
93% ee 



rt. 12 h 

» Zn (7.0 eq). AcOH, rt. 2.0 h, 96% 

[0019] j^T. mmmKx^mm^mniEir^^^:^mmmmir^^t^Mmir^h(D'x:i^ 
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(1) NMR;?!i-<i5'h/^:JEOL-LA300. JEOL-LA400Xf*JEOL-LA500( 

m) 

(2) IRX^i^h/VrJASCO FT/IR-610( 

(3) m^&:]ASCO P-1010(e^^7fe(»)S) 

(1) a) Colvin, E. W. Silicon Reagents in Organic Synthesis; Academic: New York, 
1988; Chapter 15.1. b) Gennari, C; Beretta, M. G.; Bemarde, A.; Moro, G.; 
Scolastico, C; Todeschini, R. Tetrahedron 1986, 42, 893. c) Walshe, N. D. A.; 
Goodwin, G. B. T.; Smith, G. C.; Woodward, F. E. Org. Synth. 1987, 65. 1. 

(2) a) Schrader, T.; Kober, R.; Steglich, W. Synthesis 1986, 372. b) Kobayashi, S.; 
Matsubara, R.; Nakeuiiura, Y.; Kitagawa, H.; Sugiura, M. J. Am. Chem. Soc. 2003, 
125, 2507. 

[0020] mmm-i ^^/:^:^^.i^mi:^:^:^^7vmm(Dmm 

. 3mmol)(Dii:^b^^l/>'(3. Oinl)W-Wi^^°^])i^y?^^/^^])y^^\^:y(3. 7mmoI 
/g, 2243mg, 0. 9mmol)^^W^aL^— v'— >^'4A(30nig)^;!jPx./Co KJ^^IS^^ 
S-e20^raSi#bfc^. (Whatman 0.15 ju m) ^jlbT^toigL. 

mmm i 

[0021] HFiP jfc#T-e(D. =¥^/i^M^»fflv >fc^$y^>^;!jN>-^:^j^;^v"/v^(Dixy/vj^y 

mill) hy:77— h(20j(z mol) ^=3r7/Vv?T^^(22M mol) (^i^jb^^^W^d. 5ml) 
. 5ml)^m^HFIP(0. 4m.mol)(Dm\^^^^X0. 5ml)^IS^;!)Px.fCo M^^XM 

^^mixMfcN-i^m- a -4^y^^:^>miy^^T/^(Dm\:y^^u>mw (o. im. 
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bfco mmm^i^^xm^^^Tk-^^m^u 4i7K«5t^^hy>^_h-e^Mb/co mm 
[0022] m2KMmM. R}^^i\^mM,xj^yt^mm^^iro 

[|g2] 

OSiMea 

Cu(OTf)2 + 3 (10 mcrf %) Troc"'^" ^ 
3 CH2CI2. QOC 4 



Entry'' Nucleophile 


Product 


Yield (%) 


ee(%) 


1 


2a 


4a 


86 


91 


2 


2b 


4b 


82 


85 


3 


2c 


4c 


71 


91 


4 


2d 


4d 


86 


86 


5 


2e 


4e 


80 


89 


6 


2f 


4f 


82 


76 


7 


2g 


4g 


83 


92 


8 


2h 


4h 


79 


92 


9 


2i 


4i 


84 


87 


10 


2i 


4j 


88 


94 


11 


2k 


4k 


70 


89 


12 


21 


41 


69 


90 



^ 50 g/mol ^ 1 and 2 were slowly added for 8 h. 

OSiMea 9^'^*^ 

^S^Bu 

2a: R = Ph 2g: R = m.p-Cl^Ce^^ 21 

2b' R - p-Td 2h: R = a-naphthy! 

2c: R = p-CIC6H4 2i : R = p^naphthyl 

2d: R = p-Br C6H4 2] : R = m-NOzCgat 

2e: R = p-IC6H4 2k: R = Me 

2f: R = p-MeOC6H4 

[0023] ±mK^^X^mVX^^htlfcN-hV^^^^h^iy:iU/l^^^/l^- a -T^/- y -:t 
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(1 S)-[3-Oxo-3-phenyl- 1 -(2 , 2 , 2-trichloro-ethoxycarbonylamino)-propyl] 
-phosphonic acid diethyl ester (4a): LaT -6.34 (92% ee, c 0.99, CHCl ); NMR 

D 3 

(CDCl ) 8 = 7.96 (2H, m), 7.59 (IH, m), 7.47 (2H. m), 4.81 (IH, d, J = 12.0 Hz), 

3 

4.66 (IH, d, J = 12.2 Hz), 4.9-4.7 (IH, m), 4.2-4.1 (4H, m), 3.6-3.35 (2H, m), 1.32 
(3H, t, J = 7.0Hz), 1.29 (3H, t, J = 7.4 Hz); NMR (CDCl ) 5 = 196.0 (d, J = 

3 

10.7 Hz), 154.0 (d, J = 5.7 Hz), 136.2 (s), 133.5 (s), 128.7 (s), 128.1 (s), 95.3 (s), 
74.7 (s), 63.2 0 = 6.5 Hz), 62.8 0 = 6.3 Hz), 44.4 (d, J = 160.0 Hz), 38.2 (d, J = 
4.2 Hz), 16.3 0 = 5.8 Hz), 16.3 0 = 5.8 Hz); IR 3743, 3239, 3053, 2982, 2360, 
1739, 1691, 1598, 1579, 1544, 1449, 1393, 1367, 1229, 1146, 1031,972, 819, 757, 
737 cm~\ ; Chiral HPLC, Daicel Chiralcel AD, hexane/PrOH = 9/1, flow rate =1.0 
mL/min; t = 18.4 min (R), t = 23.0 min (S) 

R R 

[0024] (lS)-[3-Oxo-3-p-tolyl-l-(2,2,2-trichloro-ethoxycarbonylamino)-propyl] 

-phosphonic acid diethyl ester (4b): laT -4.50 (85% ee, c 1.63, CHCl ); ^H NMR 

D 3 

(CDCl ) 6 =7.86 (2H, m), 7.27 (2H, m), 4.81 (IH, d, J = 12.0 Hz), 4.66 (IH, d, J = 

3 

12.2 Hz), 4.9-4.7 (IH, m), 3.6-3.35 (2H, m), 1.32 (3H, t, J = 7.0 Hz), 1.29 (3H, t, 
J = 7.4 Hz); "C NMR (CDCl ) 6 = 195.7 (d, J = 9.8 Hz), 154.1 (s), 144.5 (s), 133.8 

3 

(s), 129.4 (s), 128.3 (s), 95.4 (s), 74.7 (s), 63.2 (d, J = 6.6 Hz), 62.8 (d, J = 6.5 Hz), 
44.7 (d, J = 160.4 Hz), 38.1 (s), 16.5 (d, J = 5.8 Hz), 16.3 (d, J = 5.8 Hz); IR 3432, 
3241, 3047, 2981, 2099, 1739, 1686, 1607, 1545, 1439, 1410, 1367, 1231, 1183, 
1147, 1031, 978, 817, 766, 736, 542, 465 cm"'; Chiral HPLC, Daicel Chiralcel AD, 
hexane/PrOH = 9/1, flow rate = 1.0 mL/min; t = 19.4 min (minor, R), t = 25.9 

R R 

min (major, S) Anal. Calcd for C H CI NO P C:43.01, H:4.88, N: 2.95. Found 

17 23 3 6 

C:42.75, H:5.12, N:2.98 
[0025] (1 S)- [3-(4-Chloro-phenyl)-3-oxo- 1-(2 , 2 , 2-trichloro-ethoxycarbonylamino)-propyl 
]-phosphonic acid diethyl ester (4c): laT -2.71 (91% ee, c 0.56, CHCl ); 'h NMR 

D 3 

(CDCl ) 5 = 7.90 (2H, m), 7.46 (2H, m), 5.74 (IH, d, J = 9.8 Hz), 4.80 (IH, d, J = 

3 

12.0 Hz), 4.67 (IH, d, J = 12.0 Hz), 4.9-4.7 (IH, m), 4.2-4.1 (4H, m), 3.6-3.35 



wo 2005/085262 



11 



PCT/JP2005/003851 



(2H, m), 1.32 (3H, t, J = 7.0 Hz), 1.29 (3H, t, J = 7.4 Hz); C NMR (CDCl ) 8 = 

3 

194.9 (s), 154.0 (s), 135.0 (s), 132.1 (s), 129.7 (s), 128.9 (s), 95.3 (s), 74.8 (s), 63.3 
(d, J = 7.5 Hz), 62.9 (d, J = 7.4 Hz), 44.5 (d, J = 160.5 Hz), 38.3 (s), 16.5 (d, J = 
5.8 Hz), 16.3 (d, J = 5.8 Hz); IR 3437, 3060, 2988, 2360, 2092, 1742, 1685, 1627, 
1544, 1470, 1392, 1369, 1260, 1220, 1146, 1124, 1081, 1030, 968, 861 cm''; Chiral 
HPLC, Daicel Chiralcel AD, hexane/PrOH = 9/1, flow rate = 1.0 mL/min; t = 

R 

21.8 min (R), t = 34.5 min (S) Anal. Calcd for C H CI NO P C: 38.81 H: 4.07 N: 

R 16 21 3 6 

2.83. Found C: 39.01 H: 4.37 N: 2.83 
[0026] (1 S)-[3-(4-Bromo-phenyl)-3-oxo- 1 -(2 , 2 , 2-trichloro-ethoxycarbonylamino)-propyl 
]-phosphonic acid diethyl ester (4d): [a]26D -5.63 (92% ee, c 4.33, CHC13); 'h 
NMR (CDCl 8 = 7.82 (2H, m), 7.62 (2H, m), 6.03-5.90 (IH, m), 4.80 (IH, d, J = 

3) 

12.0 Hz), 4.66 (IH, d), 4.90-4.60 (IH, m), 4.20-4.11 (4H, m), 3.51-3.35 (2H, m), 
1.32 (3H, t, J = 7.1 Hz), 1.30 (3H, t, J = 7.1 Hz); "C NMR (CDC13) 8 = 195.1, 
154.0, 135.0, 132.1, 129.7, 128.9, 95.3, 74.8, 63.3 (d, J = 7.5 Hz), 62.9 (d, J = 7.4 
Hz), 44.5 (d, J = 160.5 Hz), 38.3, 16.5 (d, J = 5.8 Hz), 16.3 (d, J = 5.8 Hz); IR 
3447, 2989, 2084, 1735, 1683, 1641, 1586, 1545, 1395, 1227, 1151, 1029, 976, 
813, 728, 548 cm"'; LRMS (FAB) m/z = [M+H]^; HRMS (FAB); Exact mass calcd 
for C H BrCl NO P [M+H]\ 537.9355. Found 537.9343; HPLC, Daicel Chiralcel 

16 21 3 6 

AD, hexane/iPrOH = 9/1, flow rate = 1.0 mL/min, t = 21.5 min (R), t = 34.5 min 

R R 

(S). 

[0027] (1 S)-[3-(4-Iodo-phenyl)-3-oxo- 1 -(2 , 2 , 2-trichloro-ethoxycarbonylamino)-propyl]-p 
hosphonic acid diethyl ester (4e): [a]^ —5.67 (89% ee, c 1.89, CHCl ); 'h NMR 

D 3 

(CDCl ) 8 = 7.84 (2H, m), 7.66 (2H, m), 6.3-5.8 (IH, m), 4.80 (IH, d, J = 12.1 Hz), 

3 

4.66 (IH, d, J = 11.9 Hz), 4.9-4.6 (IH, m), 4.2-4.1 (4H, m), 3.55-3.30 (2H, 
m),1.35-1.25 (6H, m); '^C NMR (CDCl) 8 = 195.4, 154.0, 138.1, 135.5, 129.5, 

3 

101.8, 95.3, 74.7, 63.4 (d, J = 6.8 Hz), 62.9 (d, J = 6.8 Hz), 44.5 (d, J = 159.8 Hz), 
38.3, 16.5, 16.4 16.3; IR 3436, 3247, 3055, 2981, 2318, 2098, 1738, 1635, 1581, 
1541, 1438, 1394, 1367, 1229, 1146, 1082, 979, 819, 730, 549 cm"', Chiral HPLC, 
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Daicel Chiralcel AD, hexane/PrOH = 9/1, flow rate = 1.0 mL/min; t = 15.7 min 

R 

(R), t = 29.7 min (S); Anal. Calcd for C H CI NO P C: 32.76 H: 3.44 N: 2.39. 

R 16 21 3 6 

Found C: 32.60 H: 3.58 N: 2.49 

[0028] (lS)-[3-(4-Methoxy-phenyl)-3-oxo-l-(2,2,2-trichloro-ethoxycarbonylamino)-prop 
yl]-phosphonic acid diethyl ester (4£): [a]^^ -6.47 (68% ee, c 2.09, CHCl ); 

D 3 

NMR (CDCl ) 5 = 7.94 (2H, m), 6.94 (2H, m), 6.1-5.8 (IH, m), 4.81 (IH, d, J = 

3 

12.2 Hz), 4.65 (IH, d, J = 12.2 Hz), 4.8-4.7 (IH, m), 4.2-4.1 (4H, m), 3.55-3.32 
(2H, m), 1.32 (3H, t, J = 7.1 Hz), 1.29 (3H, t, J = 7.1 Hz); ''c NMR (CDCl ) 8 = 

3 

194.6, 163.9, 154.0, 135.6, 129.4, 129.7, 113.9, 95.4, 74.7, 63.2 (d, J = 6.6 Hz), 
62.8 (d, J = 6.6 Hz), 55.5, 44.7 (d, J = 159.7 Hz), 37.8, 16.5 (d, J = 4.9 Hz), 16.3 
(d, J = 5.7 Hz); IR 3473, 2319, 2087, 1680, 1547, 1449, 1398, 1362, 1227, 1150, 

1029, 967, 810, , 729, 689, 547 cm"^ HRMS (FAB); Exact mass calcd for C H CI 

17 24 3 

NO P [M+H^, 490.0356. Found 490.0374; Chiral HPLC, Daicel Chiralcel AD, 

7 

hexane/PrOH = 9/1, flow rate = 1.0 mL/min; t =31.0 min (minor, R), t = 47.0 

R R 

min (major, S) 

[0029] 

( 1 S)-[3-(3 ,4-Dichloro-phenyl)-3-oxo- 1 -(2,2, 2-trichloro-ethoxycarbonylamino)-pro 
pyl]-phosphonic acid diethyl ester (4g): [a]" —5.88 (89% ee, c 4.05, CHCl ); ^H 

D 3 

NMR (CDCl ) IH NMR (CDCl ) 5 = 7.90 (2H, m), 7.46 (2H, m), 5.74 (IH, d, J = 

3 3 

9.8 Hz), 4.80 (IH, d, J = 12.0 Hz), 4.67 (IH, d, J = 12.0 Hz), 4.9-4.7 (IH, m), 
4.2-4.1 (4H, m), 3.6-3.35 (2H, m), 1.32 (3H, t, J = 7.0 Hz), 1.29 (3H, t, J = 7.4 
Hz); ^^C NMR (CDCl) 8= 195.1, 154.0, 135.0, 132.1, 129.7, 128.9, 95.3, 74.8, 

3 

63.3 (d, J = 7.5 Hz), 62.9 (d, J = 7.4 Hz), 44.5 (d, J = 160.5 Hz), 38.3, 16.5 (d, J = 
5.8 Hz), 16.3 (d, J =5.8 Hz); IR 3235, 3050, 2981, 2355, 1739, 1687, 1590, 1570, 
1540, 1444, 1400, 1367, 1228, 1146, 1094, 1032, 975, 823, 738, 557, 526, 461 cm"' 
; HRMS (FAB); Exact mass calcd for C H CI NO P [M+H]\ 527.9471. Found 

16 20 5 6 

527.9496; Chiral HPLC, Daicel Chiralcel AD, hexane/PrOH = 9/1, flow rate = 1.0 
mL/min; t = 14.4 min (R), t = 26.6 min (S) 

R R 
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[0030] (1 S)-[3-Naphthalen- 1 -yl-3-oxo- 1 -(2 , 2 , 2-trichloro-ethoxycarbonylamino)-propyl]- 
phosphonic acid diethyl ester (4h): laf -6.33 (92% ee, c 0.99, CHCl ); NMR 

D 3 

(CDCl ) 8 = 8.65 (IH, m), 8.02-7.85 (3H, m), 7.64-7.46 (3H, m), 6.20-5.75 (IH, 

3 

m), 4.77 (IH, d, J = 12.1 Hz), 4.67 (IH, d, J = 12.1 Hz), 4.85-4.70 (IH, m), 
4.25-4.10 (4H, m), 3.64-3.52 (2H, m), 1.33 (3H, t, J = 7.1 Hz), 1.29 (3H, t, J = 7.1 
Hz); ^^C NMR (CDCl) 6 = 199.7, 154.0, 134.7, 134.0, 133.4, 130.1, 128.4, 128.3, 

3 

128.2, 126.6, 125.8, 124.3, 95.4, 74.7, 63.3 (d, J = 7.4 Hz), 62.9 (d, J = 6.8 Hz), 
44.9 (d, J = 158.9 Hz), 38.3 (s), 16.5, 16.4, 16.3; IR 3430, 3240, 3052, 2987, 2364, 
2099, 1744, 1691, 1541, 1508, 1438, 1394, 1370, 1254, 1146, 1099, 1029, 968, 
802, 777, 738, 541 cm''; HRMS (FAB); Exact mass calcd for C H CI NO P [M+H]^ 

20 23 5 6 

, 510.0407. Found 510.0422; Chiral HPLC, Daicel Chiralcel AD, hexane/PrOH = 
9/1, flow rate = 1.0 mL/min; t = 14.3 min (R), t = 21.6 min (S) 

R R 

[0031] (lS)-[3-Naphthalen-2-yl-3-oxo-l-(2,2,2-trichloro-ethoxycarbonylamino)-propyl]- 
phosphonic acid diethyl ester (4i): [a]^^ -16.4 (87% ee, c 1.41, CHCl ); 'h NMR 

D 3 

(CDCl ) 6 = 8.49 (IH, m), 8.02-7.84 (2H, m), 7.65-7.50 (2H, m), 6.2-6.0 (IH, m), 

3 

4.82 (IH, d, J = 12.1 Hz), 4.67 (IH, d, J = 11.9 Hz), 5.0-4.8 (IH, m), 4.25-4.10 
(4H, m), 3.75-3.50 (2H, m), 1.37 (3H, t, J = 7.1 Hz), 1.29 (3H, t, J = 7.1 Hz); '^C 
NMR (CDCl) 5= 196.0, 154.1, 135.7, 133.6, 132.4, 130.2, 129.6, 128.8, 128.6, 

3 

127.8, 126.9, 123.7, 95.4 (s), 74.7 (s), 63.3 (d, J = 7.4Hz), 62.9 (d, J = 6.8 Hz), 
44.7 (d, J = 160.4 Hz), 38.3, 16.5 ,16.4, 16.3; IR 3852, 3237, 3056, 2986, 2359, 
2102, 1737, 1685, 1628, 1596, 1542, 1469, 1438, 1392, 1369, 1226, 1146, 1124, 
1030, 969, 859, 821, 735, 546,476 cm"'; Chiral HPLC, Daicel Chiralcel AD, 
hexane/PrOH = 9/1, flow rate = 1.0 mL/min; t = 20.0 min (R), t =32.1 min (S); 

R R 

Anal. Calcd for C H CI NO P C: 47.03, H:4.54, N:2.74 Found C:47.33, H:4.74, 

20 23 3 6 

N:2.73 

[0032] (lS)-[3-(3-Nitro-phenyl)-3-oxo-l-(2,2,2-trichloro-ethoxycarbonylamino)-propyl] 
-phosphonic acid diethyl ester (4j): [af -8.46 (94% ee, c 2.12, CHCl ); 'h NMR 

D 3 

(CDCl ) 8 = 7.90 (2H, m), 7.46 (2H, m), 5.74 (IH, d, J = 9.8 Hz), 4.80 (IH, d, J = 
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12.0 Hz), 4.67 (IH, d, J = 12.0 Hz), 4.9-4.7 (IH, m), 4.2-4.1 (4H, m), 3.6-3.35 
(2H, m), 1.32 (3H, t, J = 7.0 Hz), 1.29 (3H, t, J = 7.4 Hz); ^^C NMR (CDCl ) 8 = 

3 

195.1 (s), 154.0 (s), 135.0 (s), 132.1 (s), 129.7 (s), 128.9 (s), 95.3 (s), 74.8 (s), 63.3 
(d, J = 7.5 Hz), 62.9 (d, J = 7.4 Hz), 44.5 (d, J = 160.5 Hz), 38.3 (s), 16.5 (d, J = 
5.8 Hz), 16.3 (d, J = 5.8 Hz); IR 3233, 3049, 2987, 1739, 1698, 1614, 1531, 1478, 
1440, 1392, 1352, 1228, 1147, 1093, 1031, 970, 887, 819, 735, 545 cm"^; HRMS 
(FAB); Exact mass calcd for C H CI N O P [M+H]*, 505.0101. Found 505.0123; 

16 21 5 2 8 

Chiral HPLC, Daicel Chiralcel AD, hexane/PrOH = 9/1, flow rate = 1.0 mL/min; t 

R 

= 28.3 min (minor, R), t = 53.0 min (major, S) 

R 

[0033] (lS)-[3-Oxo-l-(2,2,2-trichloro-ethoxycarbonylamino)-butyl]-phosphonic acid 
diethyl ester (4k): laf^ -3.61 (89% ee, c 1.16, CHCl ); ^H NMR (CDCl ) 8 = 

D 3 3 

6.2-5.4 (IH, m), 4.80 (IH, d, J = 11.9 Hz), 4.69 (IH, d, J = 11.9 Hz), 4.6-4.4 (IH, 
m), 4.3-4.0 (4H, m), 2.94 (IH, d, J = 7.0 Hz), 2.90 (IH, d, J =6.4 Hz), 2.22 (3H, s) 
1.332 (3H, t, J = 7.0 Hz), 1.326 (3H, t, J = 7.0 Hz); ^^C NMR (CDCl ) 8 = 195.1 (s), 

3 

154.0 (s), 135.0 (s), 132.1 (s), 129.7 (s), 128.9 (s), 95.3 (s), 74.8 (s), 63.3 (d, J = 
7.5 Hz), 62.9 (d, J = 7.4 Hz), 44.5 (d, J = 160.5 Hz), 38.3 (s), 16.5 (d, J = 5.8 Hz), 
16.3 (d, J = 5.8 Hz); IR 3437, 3053, 2988, 1735, 1643, 1542, 1400, 1369, 1226, 
1149, 1095, 1032, 968, 819, 729, 544 cm'S HRMS (FAB); Exact mass calcd for C^^ 
H CI NO P [M+H]\ 398.0094. Found 398.0087 

20 5 6 

[0034] (3S)-3-(Diethoxy-phosphoryl)-3-(2 , 2 , 2-trichloro-ethoxycarbonylamino)-thiopropio 
nic acid S-tert-butyl ester (41): [a]'^ -10.68 (90% ee, c 2.83, CHCl ); 'h NMR 

D 3 

(CDCl ) 8 = 5.90-5.75 (IH, m), 4.77 (IH, d, J = 12.0 Hz), 4.72 (IH, d, J = 12.2 

3 

Hz), 4.65-4.50 (IH, m), 4.25-4.05 (4H, m), 3.10-2.75 (2H, m), 1.45 (3H, s), 1.332 
(3H, t, J = 7.1 Hz), 1.329 (3H, t, J = 7.1 Hz); ^'C NMR (CDCl ) 8 = 196.0 (d, J = 

3 

18.9 Hz), 153.9 (d, J = 7.4 Hz), 95.3 (s), 74.7 (s), 63.2 (d, J = 9.0 Hz), 62.9 (d, J = 
8.2 Hz), 48.7 (s), 46.2 (s), 44.1 (s), 43.6 (s), 43.5 (s), 29.6 (s), 16.4, 16.4, 16.3 IR 
cm'^ Chiral HPLC, Daicel Chiralcel AD, hexane/PrOH = 19/1, flow rate = 0.5 
mL/min; t = 34.1 min (minor, R), t = 38.3 min (major, S); Anal. Calcd for C H CI 

R R 14 25 3 
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NO PS C: 35.57 H: 5.33 N: 2.96, Found C: 35.30 H: 5.08 N: 3.02 

6 

mmm2 

^ (II) hV-^y—h (20 n mol) t^9/^i^T^> (22 ^ mol) KMity^^^^Xl. 5ml) 
^*PX.. ^?a-e6NFr^*#LfCo iX— y^'3A(10mg)^^JPX.fc^. OX^K 

i^Ml^. v^y/Vni/— /Vm— ^/V(2a, 0. lmmol)<DJ^>fb7^^1x>-(lmI)^IS^ilP;t 

mWiO. IM, 2nil) SS. i^y/V^^y— /V::^— 2Tmaol) (DM^t^^l^X 

mm^m^xm^-AmTi^xm^u m^m.m^hv^j>^±x^m\^fco mm^mf± 
m^u mm^yv^^/i^^ti-^h^^yy^—xmrnu nmtir:5N-um-a-T^y 

- y -:t^y:^:^:^l^m-:^^:^y'/l^m^^i^^n±o l^^l^mii^^ir (Entryl) „ 
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[1] 



[2] 



[3] 



P 



R'O 



Mb2] 



R=^ R3 

R^HN NHR'^ 
T,0-<^"-OT, 



or 



R^ R=^ 

R'^HN NHR^ 
T,0'C"-OT, 



OSi(R«), 



T^/Vdr/v^^ T/^=idriy^Xf*;^/l-7-rK^(-SR^R^{iT/V=3r/V^X}*Ty 
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[4] t^^lB^;!JP^J^S^dri^:7/^;t^^y :/ti tVVT/^=3 —/U (hfip) -Cfc^W^-S 3 tCfSi 

(Dmmo 



R^O. ? R'R' ^ R^O. ? R'R' ^ 

\/ X .R 



R'O^ Y Y or R'O^ 




O 

NH NH 
I I 

R2 R2 
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